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I THE SOILS OF POLAR WASTES AND THE ROLE OF B. N. GORODKOV I N  THEIR STUDY 

I. S. Milchaylov 

The s o i l s  of t h e  High Arc t i c  were e n t i r e l y  unstudied u n t i l  r ecen t ly .  Iso- )521* 
i a t ed  works ("nefs. 7 ,  18) had glvcn m l y  fragEentary information on t h e  na ture  
of t hese  s o i l s .  
Gor odkov . The pioneer i n  the  systematic study of arct ic  s o i l s  i n  B. N. 

B. N. Gorodkov s tudied  the  zones of t h e  tundra and of t h e  a r c t i c  wastes, 
pointed out t h e  bas i c  c h a r a c t e r i s t i c s  of: t hese  zones, and analyzed t h e i r  d i v i s i o n  
i n t o  subzones and provinces. 
t o  t he  podzolic and boggy types. 
con t r a s t  t o  t h e  boggy in t r azona l  types,  Gorodkov extended t h e  podzolic s o i l  
zone t o  t h e  most extreme northern l i m i t s  of t h e  mainland of t h e  Soviet  Arctic. 
Was t h i s  a mistake on Gorodkov's p a r t ?  
Linka-Neustruyev s o i l  c l a s s i f i c a t i o n  ex i s t ing  a t  t h a t  t i m e .  

H e  believed t h a t  t h e  s o i l s  of t hese  zones belonged 
I n  recognizing t h e  podzolic s o i l s  as zonal i n  

No, h i s  views are i n  accord with t h e  

I n  t h e  pedology of t he  prewar years ,  t h e  induct ive  method of s o i l  class- 
i f i c a t i o n  prevailed.  
of t hese  [soil-forming-(I.M.)] elementary processes produce an i n f i n i t e  number 
of i nd iv idua l  types of s o i l ,  bu t  among them are included t h e  t y p i c a l  combinations 
t o  which t h e  observed phenomena a l s o  correspond. 
types of s o i l  formation, are not  numerous, bu t  they inter-combine, and -- appear- 
ing  i n  d i f f e r e n t  amounts -- they lead t o  t h e  e n t i r e  i n f i n i t e  mass of i nd iv idua l  
phenomena. 
as K. D. Glisika ass'aes: (1) t h e  l a te r i t i c  process,  (2) t he  podzolic, (3)  t h e  
steppe, ( 4 )  t h e  so lone tz  process,  and (5) t h e  p a l u s t r i n e .  
may be derived from those ind ica ted .  
combinations of t h e  given main processes'' (Ref. 1 2 ,  p. 146).  

S.  S. Neustruyev, whom Gorodkov quoted, wrote, "Combinations 

These t y p i c a l  combinations, o r  

Such types of s o i l  formation are produced by t h e  following processes 

The remaining ' types '  
They are intermediate t r a n s i t i o n s  o r  

It is  known (Refs. 3,  10)  t h a t  e l e m n t s  of podzolization are encountered 
on l i g h t  rocks i n  t h e  tundra. I n  tundra s o i l s  t h e r e  i s  a l s o  an observed move- 
ment of c e r t a i n  elements downwards along t h e  p r o f i l e  toward the  su r face  of t h e  
pe renn ia l ly  f rozen  rocks. 
tundra zone i s  w e l l '  known. 
by Neustruyev's views, w e  must ass ign  the tundra s o i l s  t o  t h e  podzolic and 
p a l u s t r i n e .  
induct ive  method of s o i l  c l a s s i f i c a t i o n .  

The wide d i s t r i b u t i o n  of p a l u s t r i n e  processes i n  t h e  
Taking our start  from a l l  t h i s  and guiding ourse lves  

Thus, Gorodkov's assumptions are i n  complete consonance wi th  t h e  

Even when adopting t h i s  system of c a l s s j f i c a t i o n ,  B. N. Gorodkov s t i l l  
admitted t h e  p o s s i b i l i t y  t h a t  an independent s o i l  zone ex is ted  i n  t h e  High 
Arctic. 
Arctic, i t  may be done f o r  t h e  zone of the polar  wastes'' (Ref. 4 ,  p. 1520). 

H e  wrote, "If any c h a r a c t e r i s t i c  s o i l  zone must be discriminated i n  t h e  

I n  many papers Gorodkov objec t ive ly  notes  t h e  f e a t u r e s  of both tundra and 
polar  d e s e r t  s o i l s .  
of t h e  polar  wastes, and from h i s  descr ip t ions  i t  c l e a r l y  follows t h a t  they 

H e  g ives  the  f i r s t  d e t a i l e d  c h a r a c t e r i s t i c s  of t h e  s o i l s  

*Note: Numbers i n  t h e  margin i n d i c a t e  pagination i n  t h e  o r i g i n a l  fo re ign  t e x t .  
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cannot be assigned e i t h e r  t o  t h e  podzolic o r  t h e  pa lus t r ine .  

I n  describing t h e  s o i l s  of t h e  polar d e s e r t s  of t h e  Kotel'nyy I s l and ,  he 
dwells i n  d e t a i l  on t h e i r  c h a r a c t e r i s t i c  f e a t u r e s ,  "The mineral  l e v e l s  of t h e  
s o i l  are g rea t ly  enriched wi th  organic matter because of t h e  abundance of f r o s t  
cracks which have formed a t  var ious  t i m e s  and become f i l l e d  t o  d i f f e r e n t  degrees 
with organic material. There i s  leaching ou t  of t h e  s o i l .  The r e a c t i o n  i s  neu- 
t r a l  -- t h e r e  is s l i g h t  a k a l i n i t y  on t h e  congelation boundary, but no e f fe rves-  
cence because of acid.  The s o i l  i s  almost 100% sa tu ra t ed  with bases'' (Ref. 6,  
p. 76). 

, 

Somewhat earlier, B. N. Gorodkov notes, "It [ s o i l  of t h e  polar  d e s e r t s  -- 
I . M . ) ]  has a c h a r a c t e r i s t i c  s t r u c t u r e  and d i f f e r s  g r e a t l y  from tundra s o i l  by 
t h e  absence of g l e i z a t i o n  which is  percept ib le  t o  t h e  eye. 
appears i n  a very s l i g h t  degree only d i r e c t l y  under t h e  tu r f  and i n  t h e  lowest 
l a y e r s  over t h e  congelation. The reason f o r  so  s m a l l  a g l e i z a t i o n ,  of course, 
i s  t h a t  t h e  s o i l  i s  w e l l  ae ra ted  because of t h e  torn-up na tu re  of t h e  covering 
of t he  s o i l  and t h e  severe  j o i n t i n g  of the rock . . . I '  (Ref. 6,  p. 75).  Gorodkov 
calls t h i s  s o i l ,  arct ic  g ley ish ,  bu t  everywhere he  notes t h e  weakness o r  even t h e  
absence of t h e  g l ey ic  process. 
with t h e  very s i m i l a r  s o i l s  of t h e  a r c t i c  tundras. 

This g l e i z a t i o n  

H e  probably c a l l e d  t h i s  s o i l  g ley ish  by analogy 

Gorodkov repea ted ly  pointed out the  c l o s e  connection between s o i l s  and t h e  
p l a n t  cover and spoke of t h e  soil-vegetation complexes of t h e  polar  d e s e r t s  (Ref. 
5).  That t h i s  complex na ture  be present he  considered t o  be one of t h e  most 
important c h a r a c t e r i s t i c  f e a t u r e s  of the so i l -vege ta t ion  cover of t h i s  zone. 
wrote t h a t  t h e  development of s o i l s  i n  the Arc t i c  proceeded under t h e  a c t i o n  of 
d i f f e r e n t  f a c t o r s ,  of which t h e  most important w e r e  b ioc l imat ic .  I n  giving t h e  
c o r r e c t  ob jec t ive  desc r ip t ions  and explanations of t h e  soil-formation processes 
i n  t h e  Arctic, Gorodkov took h i s  stand on t h e  Dokuchayevian genet ic  pos i t i ons  i n  
pedology. H i s  works on t h e  study of soils i n  t h e  A r c t i c  have immense s c i e n t i f i c  
s ign i f i cance  and many of h i s  pos i t i ons  w i l l  remain as guides f o r  arct ic  pedologis t s  
-- h i s  s tuden t s  and successors.  

H e  

Af te r  Gorodkov, h i s  s tuden t s  continued a study of t h e  s o i l s  of t h e  polar  
d e s e r t s  and tundras. 
Aleksandrova and t h a t  which is  being car r ied  on by t h e  Arctic and Antarctic 
Scientific-Research I n s t i t u t e  on the  i n i t i a t i v e  of Y e .  S. Korotkevich under t h e  
s c i e n t i f i c  d i r e c t i o n  of B. A. Tikhomirov. 

It is p a r t i c u l a r l y  necessary t o  note  t h e  work of V. D. 

I 

W e  w i l l  pause below on t h e  main f ea tu res  of t h e  s o i l s  of t h e  polar  d e s e r t s .  
A t  p r e sen t ,  i t  i s  accepted t h a t  a group of s p e c i f i c  s o i l s  which are assoc ia ted  
by un i ty  of o r i g i n ,  transformation, and motion of t h e  material may be c a l l e d  
a s o i l  type. I n  a s o i l  type the  following must e x i s t :  (1) similar processes /521 
of substance transformation and migration, (2) similar na tu re  of thermal and aq- 
ueous behavior, (3)  similar ecologica l  types of vege ta t ion ,  ( 4 )  similar s t r u c t u r e  
of s o i l  p r o f i l e  wi th  r e spec t  t o  gene t ic  horizons,  and (5) similar l e v e l  of s o i l  
f e r t i l i t y  (Ref. 13). 

F i r s t  l e t  us cha rac t e r i ze  t h e  aqueous and thermal behavior determined by 
climatic f a c t o r s .  
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The s o i l s  of t n e  poiar  d e s e r t s  develop iindar -Jsry severe  conditions.  For 
a l a r g e  p a r t  of t h e  year ,  they are i n  a frozen s ta te  and thaw only f o r  2 - 2.5 
months t o  a s l i g h t  depth. 
about 30 cm -- i n  favorable  ins tances ,  up t o  50 cm. In t h e  f i r s t  two o r  t h r e e  

, weeks a f t e r  i t s  start ,  t h e  thaw proceeds r ap id ly ,  then slows down, and i n  t h e  
second ha l f  of t h e  summer thickness of t h e  seasonal thaw l aye r  remains almost 
constant.  
ind iv idua l  days may be as high as 1.5 - 20" a t  a d i s t ance  ofz 0.5 meter. 

The thickness of t h e  seasonal  thaw l a y e r  averages 

The temperature g rad ien t s  i n  t h i s  l aye r  are considerable,  and on 

The aqueous behavior of t hese  s o i l s  is  very ind iv idua l .  The snow cover is 
nonuniform because of t h e  s m a l l  amount of p r e c i p i t a t i o n  and t h e  r e d i s t r i b u t i o n  of 
t h e  snow by t h e  winds. 
from thawed snow play an  i n s i g n i f i c a n t  r o l e  i n  moistening t h e  s o i l ,  because f o r  
t h e  most p a r t  they are shed before t h e  s tar t  of thawing. Summer p r e c i p i t a t i o n  
is  s m a l l .  Drizzling r a i n s  incapable of deeply wetting t h e  s o i l  predominate. 
Therefore, g r a v i t a t i o n a l  water does not play a g r e a t  r o l e  i n  t h e  process of s o i l  
formation. Far more s i g n i f i c a n t  under these  circumstances is t h e  p e l l i c u l a r  
water, i .e . ,  t h e  water present  on t h e  surface of t h e  s o i l  p a r t i c l e s  i n  t h e  boun- 
dary and l i m i t i n g  phases. A s  research  by I . A .  Tyutyunov (Ref. 16) and Z. A. 
Nerseseva (Ref. 11) i n d i c a t e s ,  t h i s  water does not f r e e z e  a t  considerable nega t ive  
temperatures and is  capable of moving t o  regions of lower temperatures and 
accumulating there .  
exchange r eac t ions  and t h e  migration of elements i n s i d e  t h e  s o i l  p r o f i l e .  
summertime, p a r t  of t h e  accumulated moisture i s  expended on vapor iza t ion  and 
t r a n s p i r a t i o n ,  and p a r t  migrates downwards t o  t h e  sur face  of t h e  perennia l ly  
f rozen  rocks. 
t h e  summer motion downwards along t h e  p r o f i l e  determines one of t he  e s s e n t i a l  
d i f f e rences  between tundra and polar-desert s o i l s .  
motion predominates i n  tundra s o i l s ,  i n  polar-desert s o i l s ,  on t h e  o ther  hand, 
t h e  f i r s t  i s  predominant and accumulation of elements occurs i n  t h e  upper 
levels. This accumulation i s  b e s t  expressed on t h e  su r face  of t h e  rocks of t h e  

Cer t a in  areas remain snow-free t h e  year round. Waters 

Moisture i n  t h i s  phase i s  chemically a c t i v e ,  and assists 
I n  

The r e l a t i o n s h i p  between winter motion of substances upwards and 

While t h e  second type of 

oases" i n  t h e  An ta rc t i c  (Ref. 2) .  I 1  

The winter  accumulation of moisture is never the less  i n s u f f i c i e n t  t o  cause 
overmoistening, and the re fo re  t h e  s o i l s  of t h e  polar  d e s e r t s  are aerobic.  
erous tests with potassium fe r r i cyan ide  have shown t h a t  g l e i z a t i o n  processes are 
not c h a r a c t e r i s t i c  of t h i s  zone, but the  l ack  of g l e i z a t i o n  may be occasioned not 
only by t h e  ae rob ic i ty  of t h e  s o i l s ,  but a l s o  by t h e  in su f f i c i ency  of thermal 
energy f o r  reduction of t h e  i r o n  oxide by microorganisms. 

N u -  

A t  t h e  same t i m e ,  w e  must go t o  the  o ther  extreme and a s s ign  these  s o i l s  t o  
t h e  a r i d  type with carbonates and s a l i n i t y .  
(Ref. 4 ) ,  carbonate and s a l i n e  d i f fe rences  are found among t h e  s o i l s  of t h e  polar  
wastes, b u t  they are merely rock va r i an t s .  A s  a r u l e ,  t h e s o i l s  on noncarbonate 
rocks do not e f fe rvesce .  

A s  Gorodkov has  a l ready  remarked 

One of t h e  most important f e a t u r e s  of t h e  polar  d e s e r t s  w a s  considered by 
The s o i l  Forodkov t o  be the  d is jo ined  and disconnected na tu re  of p l an t  cover. 

cover under these  conditions r epea t s  the su r face  d i s t r i b u t i o n  of t h e  vege ta t ion .  
The morphological levels i n  t h e  polar  deser t  s o i l s  vary i n  thickness.  
levels are not spread i n  a continuous cover, bu t  form sepa ra t e  spo t s ,  pockets, 
a n d ' k o i l  h i l l s . "  

Ind iv idua l  

This is p a r t i c u l a r l y  t r u e  of t h e  humus l e v e l s  which are 
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disseminated under beds of vege ta t ion  and are assoc ia ted  wi th  them. This complex 
na ture  of t h e  s o i l  cover is  linked with t h e  congelation processes and t h e  re ta rded  
na ture  of t h e  chemical development of t h e  s o i l s .  I n  areas enriched with n u t r i e n t  
substances (b io log ica l  hummocks, n i t rophy l l  g rass lands ,  and congregations of b i r d s )  

nature.  
t he  p l an t  cover becomes continuous and the s o i l  l e v e l s  l o s e  t h e i r  discontinuous 

Complexity is  a l s o  inherent  i n  c e r t a i n  v a r i e t i e s  of tundra s o i l s ,  but i n  t h i s  
case i t  is secondary and caused by t h e  permafrost migration wi th in  the  s o i l  pro- 
f i l e .  
is  primary, and w e  observe no motion of the s o i l  l e v e l s  a t  a l l .  

The complexity of t h e  so i l -vege ta t ion  cover of t h e  polar  d e s e r t s ,  however, 

The l e v e l  of ac id  organic l i t t e r  s o  c h a r a c t e r i s t i c  of tundra s o i l s  is not 
developed on t h e  sur face  of t y p i c a l  s o i l s  of t he  polar  d e s e r t s .  Notwithstanding 
t h i s ,  however, t h e  quan t i ty  of humus, even i n  t h e  low-humus d i f f e rences  of t hese  
s o i l s ,  i s  not less than 2-3%. It i s  probable t h a t  t h e  p r i n c i p a l  coformers of 
humus i n  these  s o i l s  are not t h e  higher p l an t s ,  mosses, and l i chens ,  but t h e  
diatom and blue-green a lgae ,  encountered i n  abundance on t h e  sur face  of t h e  bare  
spots .  Highly dispersed, e a s i l y  so lub le  substances found i n  combination wi th  
sesquioxides predominate i n  t h e  humus compositions. The humates and f u l v a t e s  
of a lka l ine-ear th  metals play a g rea t  r o l e  i n  t h e  composition of t h e  organic 
matter. 

There are few clayed p a r t i c l e s ,  and t h e i r  d i s t r i b u t i o n  corresponds t o  t h e  
The absorp t ive  complex is  not organic matter content i n  the  s o i l  p r o f i l e .  

l a rge ,  bu t  i s  almost completely sa tura ted  with calcium and magnesium, which 
determine t h e  good s t r u c t u r e  of these  s o i l s ,  as w e l l  as t h e i r  n e u t r a l  reac t ion .  

The s o i l s  of t h e  polar  d e s e r t s  develop a t  low, f o r  t h e  most p a r t ,  negative 
temperatures, Unt i l  r ecen t ly ,  t he  opinion prevailed i n  sc ience  t h a t  a t  temper- 
a t u r e s  below zero t h e  s o i l  was i n  a s t a t e  of absolu te  rest ,  bu t  i nves t iga t ions  
of t h e  l as t  few years  show t h a t  s o i l  development continues even under these  con- 
d i t i o n s .  

/522 

A .  Y e .  K r i s s  (Ref. 9)  po in t s  out t ha t  t h e  v i t a l  a c t i v i t y  of a r c t i c  s o i l  
microorganisms does not cease even a t  negative temperatures. 
microorganisms drops as t h e  temperature f a l l s .  Unfortunately, t h e  lower temp- 
e r a t u r e  threshold of v i t a l  a c t i v i t y  on the p a r t  of microorganisms i s  not known, 
but  i t  undoubtedly exists. 

The a c t i v i t y  of 

I. A .  Tyutyunov r e p o r t s  t h a t  t he  energy of chemical r eac t ions  may inc rease  
as temperature f a l l s  i n  permafrost l ayers  (Ref. 1 7 ) .  

This  r e l a t i o n s h i p  between t h e  chemical and biochemical r eac t ions  i n  t h e  s o i l  
determines s o i l  development. 
phase from t h e  primary minerals migrate to  t h e  su r face  l e v e l s  during t h e  win ter ,  
and t h e r e  they e n t e r  i n t o  an  absorp t ive  complex of  organogenic co l lo ids .  I n  
tundra s o i l s ,  t h i s  upwards-drawing of the ca t ions  does not compensate f o r  t h e  
ac id  organogenic products which form, and t h e  absorp t ive  s o i l  complex is  not 
s a tu ra t ed .  
upper levels occurs and i s  b e t t e r  expressed here  than anywhere else. The re- 

Cations passing i n t o  a s o l u t i o n  of the  boundary 

I n  t h e  s o i l s  of polar  dese r t s ,  cryogenic accumulation of i r o n  i n  t h e  

, . ._." i~ .._ __ . - ..__ - -. 
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I s u l t  is  t h a t  weathering products with predominantly iron-containing compounds 
s imi la r  t o  l a t e r i t e s  are formed. S i m i l a r  formations have been observed on 
Oktyabr'skaya Revolyutsiya [October Revolution] I s land .  M. A. Glazovskaya 
(Ref. 2) r epor t s  on the  f e r r i t e - a l l i t e  nature  of t h e  sur face  formations i n  the  
unglaciated areas of the  Antarc t ic  continent.  La te r i za t ion  elements i n  the  
polar-desert  s o i l s  of Spitzbergen were noted as e a r l y  as 1919 by Blank. Tyutyunov's 
-.-^^A_ LGaedrch a l s o  confirms the  f a c t  t h a t  these processes are present  (Ref. 17).  

W e  have therefore  es tab l i shed  t h a t  the s o i l s  of t he  polar  d e s e r t s  are a 
unique type of s o i l  possessing uniform transformation and substance movement. 

Only the  most general  pa t t e rns  of development of t he  s o i l s  of polar  d e s e r t s  
I n  t h i s  type of s o i l ,  subtypes and spec ies  of po lar  d e s e r t  

~ s o i l s  may be discriminated (depending on l o c a l  c l ima t i c  f ea tu res ,  the r e l i e f ,  
are l i s t e d  above. 

t h e  soil-forming rocks,  and the  age of development). 

I n  the  period of the  pos tg l ac i a l  c l imat ic  optimum, t h e  na tu ra l  zones s h i f t e d  
northwards (Ref. 15).  The boundary of the tundra zone r an  considerably f a r t h e r  
nor th  than i t  does today. Therefore, i n  a number of s o i l s  of t he  polar  dese r t s  
w e  may observe r e l i c t  f ea tu re s  of tundra formation. Primary s o i l s  of t he  polar  
dese r t s  and t h e  secondary soils, which arose i n  p lace  of t he  degraded tundra 
s o i l s ,  may be dis t inguished.  

The s o i l s  of the  polar  d e s e r t s  are spread over t he  extreme northern and 
southern unglaciated areas of t he  cont inents .  The drawing of zonal boundaries 
is  complicated by the  f a c t  t h a t  t h i s  zone is s i tua t ed  i n  separa te  s ec to r s  divided 
by seas o r  g l ac i e r s .  The t r a n s i t i o n  t o  tundra s o i l s  is  accomplished through a 
number of intermediate  v a r i e t i e s  combining t h e  q u a l i t i e s  of t h e  var ious s o i l s .  
Tundra s o i l s  pene t ra te  northwards along the river va l l eys ,  f l a t  s lopes with 
southern exposure, and depressions.  

Based on study of t h e  p l an t  cover, B. N.  Gorodkov included a l l  the  i s l ands  
of t he  Soviet  Arctic, except the  South Island of Novaya Zemlya and the  i s l ands  
of Vaygach and Kolguyev, i n  the  region of t he  polar  dese r t s .  
proposed shoving the  boundary of t h i s  region northwards and assigning t o  the polar  
d e s e r t s  t h e  p a r t  of Novaya Zemlya t o  the  north of 75" nor th  l a t i t u d e ,  Franz- 
Joseph Land, Severnaya Zemlya, and the  De Long Is lands  (Ref. 1). She admitted 
the  p o s s i b i l i t y  of f ind ing  polar  d e s e r t s  i n  the  northern p a r t  of t h e  Anzhu Is lands.  
V. 0. Targul'yan a r r i v e s  a t  similar conclusions (Ref. 14) .  It is  a t  present  
genera l ly  impossible t o  d isagree  with t h i s  viewpoint. 
t h i s  r eg ion  w i l l  become clear i n  the course of f u r t h e r  work. 

V. D. Aleksandrova 

The p rec i se  boundary of 

Very l i t t l e  i s  known about t h e  d i s t r i b u t i o n  of polar-desert  s o i l s  i n  the 
Arctic beyond our boundaries. 
Spi tzbergen (Ref. 18). 
Greenland (Ref, 1 9 ) .  

There a r e  i so l a t ed  r e p o r t s  on t h e i r  l oca t ion  on 
It is very probable t h a t  they spread over Peary Land i n  

, 

The primary s o i l  formations a r e  encountered i n  areas f r e e  of g l a c i a l  cover 
i n  Antarctica where, i n  Ye. S. Korotkevich's view, the most severe southern sub- 
zone of the polar  d e s e r t s  i s  located (Ref. 8). 

I- 



Such are the main features of the soils of the polar deserts and their 
b distribution. The study of these soils is still merely begining. In a short time 

I we will obtain much new information on these unique and interesting soils. 
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